Abstract . In the paper [2] the method of transmission matrix applying for the case of a loop with turning pairs investigated. In the present paper the kinematics of a loop connected by composite joints, i.e. the one of revolute-translational joints are discussed now . By means of proposed method the planar motion of rigid bodies is presented by a point of general view . Especially,the introduced method allows to apply effectively universal softwere, for example, MATCAD, MAPLE, ... for investigating complex mechanical systems.
GENERA L INFORMATIONS AB OUT T R ANSMIS SION MAT R IX METH OD
Let us consider a figure S rotating about 0 of the frame of reference Ox' y' and oriented by the angle c.p in counteroclockwise direction. This frame of reference is in translational displacement with respect to t he fixed frame of reference 0 0°x 0 y . As is known, the last fr ame is refered to global or inertia frame of reference. An other frame of reference Oxy rigidly connected to the figure S at its point 0 is assigned a body frame of reference. Let us consider a point of the figure S. Its coordinates in Let us interest a point M connected rigidly to the figure S . Its components of bodycoordinates are denoted by the constants a and b. It is easy to establish the relationship between the components of global-coordinates and body-coordinates. That are (1. 1) where u, v are the components of global-coordinate of the origin 0 .
The expression ( 1. 1) can be written in the matrix form (1.4)
From now on the matrix is noted by bold letters and the vector is treated as the ( 3x1) matrix, but the frame of reference is named briefly the frame .
By (1.4) the components of the velocity of the point Min the global fran-, is calculated by the formula (1.5) where [2] ti.(*) , v(*), cp(*) are the (3x3) diagonal matrices of the form uoo voo r.poo Similarly, the acceleration of the point M in the inertia frame is defined by the formula 8) where the matrices ii(*),v(*) , cf'(*) are of the same form of (1.6), in which the quantities u, v, cp are substituted by ii, v, (/; respectively, but the matrix r; is of the form:
KINEMATIC INVESTIGATION OF A MULTIBODY SYSTEM
Let us now consider a loop of n links, which are connected each other by the composite joints. The links are numered in the progressive order 0, 1, 2, .. ., n, where the link of the index "O" is rigidly connected to the inertia frame.
For investigating such a system, let us study three of following typical groups of loops . by following the rule of right-hand orthogonal reference frame. The angle position of the links is oriented by the angles between links, for example, the 'Pi is the angle between (i -l)th_link and ith -link in accordance with counteroclockwise direction (Fig. 2) . Hereafter for simplicity the frames of reference Yi-I are expressed by the vectors· located along the xaxis [2] Let us consider the point M rigidly conneted to the (i+ l)th_link, which is the last one in the group.
Hereafter the inde_x located at left high corner of the quantity means that this quantity is determined with respect to the body frame of same index. For example, the point M rigidly connected to the ( i + l)th_body, the coordinate of which in the (i + l)th_ frame is a and b, in the ith_frame is ixM, iyM, but 
where Li-l, Li are the length of the (i -l)th_link and the ith_link respectively. It is noticed that Li is the abscissa of the origin of the ith_body frame. It is easy to show that the configuration of the point M (the position, velocity, acceleration) rigidly connected to the (i + l)th_body frame will be
Let us concern to .a three bars group, in which the middle link (i.e the ith_link) is in translational displacement with respect to the front link and connected to the behind one by revolute joint (Fig. 3 ). In this case the ith_body frame is in translational displacement with respect to the (i -l)th bopy frame. Therefore the abscissa of the origin Ai of the ith_body frame in the (i -l)th body frame is not constant. In connection with this let us introduce the variable Ui-1 = Li -1 · The Xi-1 -axis coincides with the Xi -axis, but the origin of the ith -body frame is the on~ of ( i + 1) th -body frame. Because of these we have: Li= 0, 'Pi= 0 (ci = 1, Si = 0).
In such a case we have Let us consider the three bars -group in which the middle link is in translational displacement with respect to its behind link, but connected by turning pair to the front one. In this case the co-ordinate axes of the ith_body and (i+l)th_body frame are coincided. By this the oriented angle 'Pi+l = 0 (ci+l = 1, Si+l = 0). Because of the origin of the (i + l)th -body frame putting at its masscenter, we have Li = AiCi+I = Ui , which is changing at time. The transformation matrix Ti+ 1 is of the form
By using above mentioned models it is possible to investigate kinematics of every planar mechamism.
APPLICATION
Example 1. A quick-return mechanism is shown in Fig. 5 . The crank OA =rat given instant of time is in horizontal line on the right side at the angular velocity and acceleration w1, €1 respectively. The distance between two rotating axes OC = h. Determine the angular velocity and acceleration of the crank CB at the interested position of the mechanism.
The mechanism consists of three links numered by the order 1, 2, 3. The inertia frame is expressed by the vector x 0 putting at 0 and being in the horizontal direction.
The body frames are represented the vectors x 1 , x2, X3 as shown in Fig. 5 . The origin of these vectors located 0, A and B, respectively. In accordance with above mentioned things we have:
where u is a changing quantity at time.
The mechanism under consideration belonging to the third group is a closed loop . In connection with the latter it is necessary to interest the point C, which is ' fixed in the global frame with the coordinates (0, -h) . The body-coordinates of the point C are
(-L,O).
By applying (2.1) in consideration of (2.6) and £ 1 = r, we get 
where the syrribol " *,, is the notation of the value of the quantity at the given instant of time.
In order to calculate the angular velocity of the crank CB let us write the equations 
The solutions of these equations are of the form
. * * . *
The absolute angular velodty of the crank CB denoted by w 2 will be [2] c* r . * · * _ 2 r 1i-i* = c2w1.
T he relative velocity of the slider A with respect to the bar CB at the given instant of time is of the form
The positive signal of the expression of the velocity provides that the relative velocity the same direction to the vector X 3 .
In other words, at the given instant of time the relative velocity is in the direction from A to B.
In order to define the acceleration, let us apply the formula (2.3) in consideration of (2.4) and (2 . In addition, the oriented angle of the bar CA in the global frame is equal to Therefore:
Besides, the mechanism under consideration is a semi-closed loop, because the point C of the last link (link 3) is in displacement along the guider fixed in the global frame .
The global and body coordinates of the point Care (h, -0 and (-L , 0) respectively. By applying (2.1) in consideration of (2 .5) we get (Fig . 7) .
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The mechanism under consideration is a closed three bars loop, because the point C of the last link of the group (link 3) is fixed in the inertia frame, which is expressed by the vector x 0 • The body frame are expressed by the vectors x1, x 2, X 3 shown as in Fig. 7 . The link 2 is in the translational displacement with respect to the last li nk (link 3). The mechanism belongs to third group. In connection with this, it is easy to see that (fJ3 = 0 ---. c3 = 1, s3 = 0. Besides, t he origin of 3th_body frame is in displacement with respect to 2nd body frame, i.e. the quantity L 2 =u is variable. The global and body coordinate of the point B belonging to the link 3 are (h, 0) and (0, 0) respectively. Applying the formula (2.1) for this point, we obtain the equation for defining the position of the mechanism at given time, that is By substituting these date into the above expressions we find where w1 and c1 are the absolute angular velocity and acceleration of the crank OA at the given instant of time respectively.
